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Dascriprtton 

APPLICATION OF TETRATHIAFULVALENES IN BIOELECTROCHEMICAL PROCESSES 



Field Qf the fnvflntio n 
The prasont inventfan relates to the use ot tetrattilsfulvalene (TTF) 




If andftsdeitvathwsaenriedtetornwlecutaalnthetrancfarof etaotniM 

bloelectrochemfeal processes. Such processes iray be for example bloaleotrochemlcal essay procedures, 
bloloolcaf fuel csOs and btoaleetnasynthests of chemtcals. 

Baekaround to the fnvantfon 

so The electraehsmlstry of oxtdorBductases has received constdsrabls anervffon In relation to applications m 
enzyme electrodesO-*). Mary at the «ama coneMemHorts apply to their use In immunoassay end othsr 
enzyme-tabatlad assays e^. DMA and RNA probe assays. In particular, highly effldsnt eoupltno of enzymlo 
actMty to the olsctrochemleal datsetor Is essential for asnstttve and rapid ass^ A number of approaches for 
the realisation of electron transfer from biological systems to amperometrtc electrodes have been dsserlbod, 

2s but arguably the most effectlva Is the use of low meleculBr weight medtstors to shuttle electrons tietwaen the 
catalyst and an electrode. Vsrtous mediators that have bean reported for use fn enzyme electrodes, such as 
ferrf^anidsff). tstracyano-p-qutnodIm«thanemand fsrracene(7-0) could aleo be useftil In Immunossnsors. 
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Med. -Modlcctor 



Mediated en^e^nked Immunoassay, In wMeh a GOO label was monttored using m farroeenft darfvathrs, 
was first reported In 198500). A mors elegsnt posstblttty b the use of the madiatar medeeulo as a labsl. Weber st 
alOQ produced a conjugate of morphtiie and ferrocene carboxylfc add. They shovred that tha electrochemical 
oxidation of the farreeene label was raducad whan morphine antibody bound the eonjugats and used tide 
principle In a dtepiaoament assay for codeine (see (a) below). Sines the key to practloal osddorsduetBse 
elBctrochemlstiy Is the avaflabOHy of a mediator such as ferrocene, tt was apparent that ttils principle could be 
used to trigger an etectrochemfcalty coupled enzyme-cataVsed raactlen (see (b) below). 
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Pt electrode 



-< -e^g. Airtl morphine \ +;rC® \ 

>vSi ■ o-e- MorpWne/lerrocene / \ 

conjugate GluconaWV / \| Cb) 

Q « e.g. Codeine ox morphine \l 




Glucose 



The eff«ctfve recycling of the ferreeerw by GOD resutta In a further ampimcatfon of the signal over 
electrochemical nol£« due to dlectroactfve aubstances present In the sample. 

BectrochairUcady coupled enzyme reactions may also be acthntad by providing mlsalng cofactors or 
coenzymesca). Quinoprotein dehydroganfi^ea could prove partteularty valuable In this respect 

An Immunoassay for prostatic add phosphatase (PAP), a pros tate tumor mailcer from human serum, which 
relies on enzyme amplication Is shown below(»>. 
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The catatytle activity oT the enzyme label (elkaflne phosphataae] used In a sandwich assay Is monitored fay 
the addition cf the substrate NAOPf leading to the formaiton of the depho^hoiylaiad product NAO<t>. The 
NADf formed emera a redox cycte InvoMng the enzymes alcohol dehydrogenase and dlaphoraae leading to 60 
the reduction of a mediator (ferrleyanfde). Qectrons from the NA04-/r4AOH redox cycle passed via the 
dlaphoraae to the Feiii(CN)a/Faa(CN)« couple. The reduced species Fea(CN)« was raoxidlsed at a platinum 
electrode at 450 mV versus a saturated caJonral electrode producing an amperometrlo rttsponse. 

Similar prlndpies may be applied to ether affinity reaetfons such as DNA and Rt^A probe assays. 

Anno*remetria •nkytn* •t* w tiY»H— h«v* b«*#i ifiAMattgMwd In wMo^ in« elev^redo nan a oonduothre surrace 05 
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comprising ftn organic solid with mstoMtke elaotrteal conductMly ('orflanic motel'). Thes© substancae are 
fbrmsd as chaige-tnuisfiar complexaa between an etectron donor molacufa and on aleetran acceptor 
morecuIe.The prfncipai Investigations have been with 7.73.8-totrBcyanoqulnodImethane fTCNQ) as etectron 
accepted and rf™thyl-phena2inlum (fOMP) as etectron donor, but the posalbfllty of TTF+ TCNQ- complexes 
has also been conaidarodtiO. Howovar. the present Invention Is deanng with the use of TTF In a dtffarent 
context; uncomplexad. as a mediator of electron transfer. 

Summary of the Invention 

According to one aspect of the present Invention thers Is provided a bfoelectrochemleal procase Involving 
electron transfer between a redox system and an electrode, charocterfsed In that saf d efectran transfar is 
mediated by a tatrethlafurvalerta. not being an 'organte metal* complex. The TTF Is preferably depoatted on the 
eieetrode, hut may be m aohJtfon. An oxfdorBduetasa enzyme may be Cmmobfltead on the electrode The 
Invention also Includes assay procedunas tncoiporatlng such processes, and TTF-fliodmed electrodes Itor usa 
In the pFocessea. 

rs 

Brtef daaalptlon of the drHwinge 
Further features of the Invention wfll be deacrfbed with fofiwwice to the accompanying Avwinga, whereln* 
Flg J shows a dlaonammatlc cross-eeetfonal side view of an eteciroda; 

Rg^ Is a graph showing current potenffal response of a TTF-modmed glucose oxidase efsctrDda; 
30 (^0-3 is A graph showing a caObrvOoneunra of steady state cufTom versus glucose QoncentretiOT 

TTF-modified glucose oxidase electrode ; 
Rg^ la e graph showing a pH prorffla of the TTF-modlflad gluceea oxidase electrode; 
Rg£ Is a gr«ph showfhg temperature rvaponsa of the TTF-modmed gtuoosa oxtdaae electrode; 
Rg£ Is a graph ahowfng the effect of nitrogen and oxygen eaturaifon on the anodfecun«nt ofatyDlcal 
2g TTF-modWad glucose oxidase electrode, at eaturstfng glucose concentration: 

Rg.7 is a grBph showing the decay of a typlcai TTF-modmed glucose osddase electrode at saturating 
glucose concentration; 

Rg.8 shows a caHbrotlon curve of a membrane-entrapped glucose dehydrogenase TTF-modffled 
electrode; 

30 Rg.9 showe a linear sweep votfammogram of sotubUlsed TTF and glucose with (curv» A) and without 

(curve B) glucose aiddase; and 

Rg.10 la a graph showlna ft caUbratlon eunm of steady state current versus gtuoose concantmfon for a 
TTF-modffied electrode on which GOD haa been Immobilised by an Improved procedure. 

35 Detafled description 

Construction of Bsetrode 

A) As shown In Rg. I an electrode R} is constructed l^m a6D mm dtsmeter graphRe ftall dtso 12 which Is 
cemented to 3i> cm length of pracut soda glass tube 7X) mm m diameter, using epoiw r«s&i 

40 CAfBldfte -Trmde Name).TT»o nsefn Is allowed to harden far20 minutes at IOO*C. Ad cm length of Insulated 

wire Is ^ehad to the back of the graphite foH 12 with silver loaded epoxy resin 14 (AraWlte) and left to set 
for 20 mfnutss at tOO*C, 

B) 10 mg of TTF (FLUKA) were added to I ml of acetone and allowed to dissolve. The eteotrode K>was 
placed In thb aoUnion and left at 30* C for two houre. Alter this time the electrode was removed and left to 

4S air dry for 60 minutoa at room temperature. 

2 Hm,!^*^^ "I trwisWJ to A solutton of 20 mgMtf (-cyelohexyl-StdmrphoQhoaihyl) 
cartwdHmlde mstho-p-tokiBne sulphonate (Sigma Chemica] Company) In 0^ M cHmie buffer pH 5 J (br9Q 
mlnuias et room temperiture. This la a bMmctlonal ilgand to aid (mmoblllaatlon of the enarnne on the 
electrode through covalent bondino between carfoo^ and amino greupa. The electrode was rinsed 
SO ^n>ughly In distilled wafer before be&ng placed M 25 mg/mlguicoseoxldasasolutf^ 

Blochen»5«le) J» 20 mM caibonaie bullto- pH 8-5 at 
rinsed In 20 mM phosphate bufltarpH 7 and WIS ready to use. 
The results given below are derived from averaging the output of flva electrodes construeted and prepared 
as above. The output of the dfftarent electrodes can VBiy considerably and win depetid to aome extent on the 
S5 aurface area. However. caraM construction can Increase the conslstancy between electrodes. 

Apparatus 

■^Wienaore wwe opei^ u^g a BBC 32K microcomputer via a pregrammable biosensor Inteffeca 
(ATteK Lavendon, Bucks.. England)(i^).Thls system utOIsed a Ag/Aga refaranca electrode. A three electrode 
GO configuration was also employed for temperature preflle and cunrent potential cunm datermlnaUon. A 
saturated calomel electrode was used as a refarance end the auxfllaiy electrode was 0^ mm diameter 

platmum wire. 

The sensore were Imnwreed In IS ml of bulfer (usually 20 mM phosphate buiesr pH 7JI), contain^ 
glass wataf^jockated can thermostattad at 2S ± 0.e*a Unless stated othani^ae. tha 
Aff 200 ita/ v«r»ua Ag/AgGi Of 00 frtv voTSus Saturated calomel electrode. 
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Sutyera and Raapefrta 
The atandard buffer waa 20 mM sodium phoaphato pH 7J0 containing OJ M KCL 
Tha buffara uead for tha pH proflfaa contalnad at M Ka and ware aa foUowa: 
pH 4.0. 20 mM citric acid-Nas HPO4 
pH 4A, 20 mM citrfc acld-Naa HPO4 
pH 6.0. 20 mM citrfc ecld-Naz HPO4 
pH 5.8. 20 mM aodlum phosphato 
pH 6,3, 20 mM sodium phosphate 
pH 7X>, 20 mM sodium phosphate 
pH 7,5. 20 mM sodium phosphate 
pH dX). 20 mM sodium phosphate 
pH 9A 20 mM sodium carbonate 

Buffera used In tho three electrode ayatsm lacked OJ M Ka. Glucose was Introduced imo the system by 
Injection of known volumns of 1^ M 0-gtucose which had bean stored overnight to allow equUbratlon of a- and 
p-anomers. AJi chamteals were of analytical Qnde, 

Callbratton of tha Enryme Electrode 

The current voltage response obtained for the TTF modMad glucose aMm (QOO) electrodes Is shown In 
fiQJSL This waa obtained by subtracting the cufrents given by tho eleetrode In the absence of glueoee from 
currents given by the electrodes In the presence of glucose, st various operating potentlab. The plataau 
region from 220 to 400 mV concurs wfth other unreported data obtained from dlreei currant oyoUo veltammetry 
of TTF. It was at potentials near the lower end of this region that the elsctrodee were operated,.thua minimising 
the effect of small fluctuations In (he reference potential. whOat alao mlnlmlatng the amount of 
enzyme-Independent oxidation of redox species present In samples. Control elactrodes lacking TTF or GOD 
gave no current In response to glucose. 

The electrodes gave a linear steady-stats current responss In the range 0 to 25 mM (Flg^). Above 25 mM 
the calibration curve became non-linear saturstlng at 70 mM glucose. This was consistent wtm previous 
results using ferrocenats) and waa considered to be a reflection of the Inherent enzyme MneHes of the 
ImmoblDsed glucose oxidaae under these conditions, the response of the electrode to glucose wa« rapid: the 
electrodes typically took 3 to 5 minutes to reach a steady^state currant, 90<M of this response being achieved 
60 to 90 seconds after the glucose addtUon. The stsndard devlailon error bars shown In ng.3 for 
meaauremants from fh/e difforant electrodes hdlcats the Feprodudblltty sffbrded by thie simple fabrication 
technique. 

pH Profile of Enzyme Electrodes 

The effect of pH on the anodic current of the electrode was Investigated over the mnge, pH 4.0 to 9.4 (F(g.4). 
The data In Rg.4 Is expressed as a percentage of the current at pH 7^ to reduce the error between electrodes 
of different Initial activity. The electrodes demonstrated an optimum at pH 7.S. This reault Is In agreement with 
data published for the use of glucose oxidaae with other artmdal electron acoeptoraOSjai, comparod to the pH 
optimum of 5.5 to 6.7 when oxygen la the slectron accoptoroi. TTF replaces oxygen In the native reaction, this 
greatly raducing the production of hydrogen peroxide. This results In an excess of protons In ctose proximity 
to the enzyme making the micro-envtranmem of the enzyme become more ad^ and producing an spparantly 
more baalc pH optimum for the enzyme. The extremes of the pH range gave rise to denaturatlon of the enzyme 
electrode. 

The Effect of Temperature on the Enzyme Electrode 

The effect of temperature on the electrode uas Investigated between 4 to GO" a Flg.5 shows the typical 
Incraase of an electrode's steady-state cunwit In response to Increasing tempercture, «t saturating glucose 
concentrations (80 mM). Within the Unesr portion of the graph there was an average Increase of L8 iiATC. 
Above 35*C the plot ceased to be ilnear due to themial denaturatlon of the enzyme electrode. When 
maintained at temperituras above 35' C the current feQ rapidly, this sffeet being more severe at higher 
temperatures. 

The Effect of Oxygen on the Enzyme Electrode 

Rg. 6 Is a graph showing the eWSct of nitrogen and oxygen saturation on the anodic current of a typical 
TTF-modlfted glucose oxidaae electrode, at aaturatlng glueoee concentration (Glucose - 100 mM). 

Peak currants achieved from the electrodes when operating In oivgen-eaturated buffer were iS.[4t» ± 
SSBVo (n « 6) lower than the peak currents obtained h nitrogen satursited bufTer. The electrodes %ver» poised 
at a low potential (200 mV versus Ag/AgO) and any H2O1 produced would not have been oxidised by the 
electrode. The oxygen Interference effect was the result of competition between TTF end oxygen for electrons 
from the reduced enzyme, highlighting the need for a msdistor to have s Mgh sfRnfty for slectrone and fast 
electron transfSr kinetiea. When the eieetrodee were operated In air saturated buffer the reduction In cunwtt 
due to oxygen In the air waa less than SWb. Under normal operating conditions, thereto, oxygen tnterferanoa 
would be neoHoIbl*. 
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StBblHty of the Eiectrodea 

Ra.7 13 a graph showing the decay of a typtcal TTF-modlfled gfucosa oxtdese electrode st saturating alucose 
concentration (Ghjcose 100 mM). ^ 
K U'ilS"-?? f 'J el«ftro<to«««'» run under saturating gtucose concantntfons (80 mM) the peak currant had a 
^ t! ^® aventuany fblt to a steady (evel after ca. 12 hours. This was not d w to 

consumptton of the gtucose by gjucose oxidase, since further addMons of glucose did not afva rise t 



„ „ wtwwe, iM luimai vaoHHms of piucose am not otVB rise to hiahar 

'^"^ *'«««^- "P to 3^ of fta o^SS? 

activity could be regained. Whan this process was repeated with the same elaetrodee similar rasulte ware 

t ^r^JH.Z.^'^J^'' ^^'^ naponaa. Enzyme electrodes atarad In aoSSSphc^te 
**"t?*' produced nomial responaea to aSdSSTS 
?l^*a?^ "^^ntowhJ-^^dt™* theel«*odea ware26.W ± S^m <n-8) of the c^i^nls gfwnby frosh 

IS 

TTF-modlffed Glucose Dahvyrooenase 

JT^^^fl^J^^ ' dehydrogenase, qulnoprotafti glucose dehydrogenase (EC UJB9J7) was 
studies! Tills NAD-tndapand^ ghicose dehydrogenase to of parllcutorinteraat to Woaer^ 

The base electrodes WBn» constructed and eat up as described prevtously. A standard diatwata mambmna 
wasboflad tn m EDTA for B minuta, «id tf«n moroughly vJhed In^irifieV^. t5W 
electrodes warewashed tn 20 mM acatata buffiv. pH &5. and eonoentrated glueose dehydrogenasa Isolated 
from Atfnetobacter cateoaetlcua (50 pQ was appUed to the aurtaoe of the etaarode and vos nrt^b^M^a 
2S pto) Of praruml dtalysis membrane tvt rubber CaUbratlon of the electroda was perfbrme^ 

*r,**^ ^ ^iby*^ elactrode gave a Unearateady^rtata currant response In the ranga 0^0 mM. Above 
^rJ^^iT^r^^^J^V^^ nonHInaar saturating at ca. SO mM. Thus. glucSemF wOT road^ 

transfer electrons from glucoae dehydrogenase. . iwuiHy 

^ The Use of TTF wtth L-«nIn»<cfd Oxidaae as an L-amlno-add sensor 

^reummaiy expemnents were also performed on en L-amino add sensor using TTF as a mediator. L-amlno 
aefd sensors were ecnstniCCsd essential^ as described by Olcks at al (ft), with the exeeptlan that TTF was 
used as an Immoblllaed madlatorfn the place of tarrocene. On addWon of 600 (d of I M Lrtfutamte add arnc^n 

ss compatible with TTF as a mediator. 

Electron Tnansfar from Glucoae Oxidaaq to a Graphite Electrode In Ao ueoua Solution 

Tn= is extremely (rv>oiub^ (n water, tt tothls property which altowa It tote readtiy erifrw«l « an electrode 
surface When used In btrifered solution. It Is, however, somettmea dealrabtotouse^SdS^ In aquao^ 
f ?J^'*'^*T'^' ^ mvestlB^the kinetlce of electrw transf^ltom enzymea to medi^o/foS^ 
electrochemical enzyme amplfflcaitlon and fabelDng systems. « i« uwin 

« mgofrn=waadissoh/edlnln«ofTVMeerv^Om«deMa^ 

addmon o^ apoientlal ramp generator. A 5 mm dtamatar gtasay carbon working electrode end a platinum 

at 25a 15 m ommWTphoyhate buffer, pH 7.5 w 

the TTF wiuf ton and 300 pi ofl M glucose. Ur»ar sweep voltamelry (L5.V.) at a sweep^«te?isrnV/sS wm 
men pattoinjed. Once thto was oomplrte 300 pi of 20 mg/ml 
L.d.Vt ropaatao. 

SO As ran be seen fhwiRg. 9 sfgnBfcamaleciron transfer 

SgTWor with Improved Enzyme Immofalltsatlon 
^ ^^fJ^J^!!^^ (nstablltty t*w «Aodnrnto (mmoblOaed electrodee. the lifetime of the electrodes 
Si^^Sytl^?^**^**' ImmctolBsatfem method. Glucose oxldasa Is a glycoenzyme (containing mb 
22222^' ^ SIT* 2" Wrtunity to link enzyme motecUee together end to an eleetrode v^a its 
carbohydrate chains rather than through amino add rBsiduaa(i8>, 

The base eirotrodes were constrocted as described pravleusry and a thioe electrode system « 
ixactly as before. 



exactly as before. 

mi!?2^S!Sl?*2¥?f %^5S25'i^Vi^^^ dleaolwd wfth 10 mg aodhmHnetaiiertodato In 5 ml 200 
mM acetate birffer pH 6^ aruJ aftrnd overnight In the dark at 4« a The enzyme waade^iSd ualng a Gephadax 
a.^ column (Pharmada PWO prepadced column). The msuftant perkx^e^dlsed enzyme w^ ttSnSSS 
at 4-c and was used within 2 woeKs. The graphite base eledrodes wem^,^SI^^^u^^ 
rtBxadeeyfamin* in stitvioi o mo/mik tor ts minute*. Tho eiacfrDdea wws rBmovBd« sllakan and allowad to air 
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diy, lh9 diy electrodee were then placed In a solution of TTF In acetone (10 mo/ml) and left for I hour at room 
temperature, f amoved, ehaken and allowed to air dry. Foyawing tWa prooeduro, the eleetrodee wera placed 
Into the penodate-oxidfssd glucose oxidase solution and Incubated at room tampsratura for 90 minutes. After 
removal from the enzyme solution the electrodes wani Immediately placed In a eolutton ot adipic dlhydrazlde !n 
100 mM sodium acetate buffer. pH 5.5 (ZS mg/ml) and left for 30 minutes at room temperature. The electrodes s 
were then rinsed In distilled water and were ready for uae or storage m 20 mM phosphate buffer pH 7jS at 4*0 
As Shown In Flo. 10, the electrodes gave a linear steady-state current response in the range CHS mM glueoae. 
Above iS mM the calibration cwve became non-linear aa the glucose concontraflon approached electrode 
flaiuratlon. The cun-ent response of the electrodes wu Wgh. The nssponse of the electrode was rapid and 
compofBbte to that achieved with cartodtlmlde tr^atad •lecirx>des, tafdng 2-4 minutes to roach cteady-state io 
ourrent, sowt of this response bebtg reached tn 60^ seconds. The half^ffo decay of this eteotrodea' r««wnse 
ai saturedng qUioq^b eoneentrations (50 mM) was ca. S.6 houra. TMe was an fmprovement of some 3 houra 
over the cartodilmlde treated electrodes. Thte method can be fUrther Improved by the use of perlodate 
oxidised dextran to croae-flnk the enzyme %vKh adlple dlhydrazlde. 

Conclusions 

Enzyme electrodes based on TTF exhibited fast electron transfer, low oxygen Interference and a rapid 
rasponae time with raprodudbte performanoe between eleotrodee. The effect of pH agrees with other 
pubNshed data regarding gfucoae oxidase and artffldal electron accaptorsOWQ). The pH optimum, however 
was more marfced than data presented on pH dependence of fenroc»ne mediated glucose oxidase eo 
aiectrodes(s). Preconditioned electrodes were reasonably stable and may be suitable for use In "one-ehot" 
tests using disposable electrodes. Short temi contlnueus uae would also be possible. 

These results demonstrate that TTF la a useful and vereatDe mediator of electron transfer between biological 
systems and alactrodaa. Biological systeme may be enzymes, cell fiiagmeme, intact cells, ttssuee or enzyme 
labelled affinity reactions. TTF derivatives, such aa mono- or polyHcarfooxyllo acid derivatlvee or mono- or 25 
poly-amino derivatives, may be prBfarable to TTF ttsetf In some cIrcumsiancBs; for example (n providing 
greater aoluNllty where the TTF Is to be used In solution, or In providing side groups for linking the TTF 
molecule to the electrode surface, an enzyme, or both. Thus, TTF wfU be useful m a number of eonflguratlone 
which have previously been demonstrated with other mediators. These bdude: 

(I) linking a TTF dertvathre such as monocarboxyilc ackl to en enzyme thus randerino It a) 
electroohemlcally actlve(zo): 

(0) the use of mediators for affinity assays (Immunoassay. RNA probes and DMA probes) either as a 
soluble mediator or a derivative which 1» deavsd and then takes part In or activates an electrochemical 
reaction; 

(111) electrochemical appllcationa such aa biological fUel celts and bloeleetr^synthesis of chemicals. as 
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Claims 



1. A bloelactrochemlcal process InvoMng electron tranafBr faatwaen « redox system and an alactrade 
charactorfsad In that said electron transfer Is madlatod by a telnittuaftilvaJana. not befng on electrtcally 
conduotive charga-translbr complex with en electron acceptor motecute. 

2. A pracass according to claim I wherein the tatiBlMsftitvtfond Is in sofu^ 

3. A praeaaa a ecord tno to claim 1 wherein tha tetrattilafUlvalene Is dapoaltad on safd electrode 

4w A proMS according to any one of tha pracading dftbna wherein said alactroda has (mmobmsad on It 
an oxfdorBduetasa enzyme that taku part In said prooaaa. 

. ^ dalm 4 wharem the enzyme Is agtycopratdin ImmoblDsad on the elecfrDde 

via Its cartjonydrata groups. 

6. A procaas according to any one of tha preceding dalmf wharaln tha procaas Imwhaa th^ 

of glucoaa catafyaad by tha enzyme gluoosa oxidase or glueoae dahydrooenasa or tha oxfdailon of an 
amino add byamlhoacfd oxidase. ^ m«™ «» «!• ««ow«in ot an 

7. An assay pfDcadurs which comprisaa a process acconElIng to anyone of tha praoedtng ciolms. 

8. An assay procadure aoeording to claim 7 tvhereDn the process eemprfsaa an anzyma-IabeUad affinity 
reaction. 

9. An dectroda for us« in a bloelecirochamfcat process of daim I. said afaciroda comDrfstna a 
conducthw surface onto which a tatrathtaftilvalana is deposftsd. 

10. An elecbvde according to cfafm 8 wherein aald conductfva auifaee comprtsaa grepMta. 
IL An efactroda according to dalm 9 or dalm K) wharaln the oonduetfw amim atao has an 
oxtdor^uotBsa enzyme Immobmsed on tt. 

12. An electrode according to dalm U wherein the anzyma is a glyeoproteln and la Immobniaed on the 
conduetlva surface via Its cai1>ohydrete groups. 

13. An etaetrode aecordlna to elaftn U or dalm 12 Wherein said anzyma Is glueosa oxidase. 

14. A bToelectrochamleal cell Incorporitlng an electrode of any one of cfalma 8 to 13. 
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